The experiments described in the following paper had for their primary object to test, for as many lines as possible of different substances, the proportionality of the change dX of wave-length, for each of the components into which a single spectral line is resolved by the application of a magnetic field, to the field intensity H, and to deduce the corresponding values of the ratio of charge to mass of the electron. It has been found difficult to obtain a ready supply of good discharge-tubes, and up to the present our observations have been mainly of the spectra of helium and mercury, in the latter case chiefly of the green line of wave-length approximately 5461 tenth-metres.
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Helium and Mercury in a Magnetic Field.
Apparatus.
Electro-magnet.-The apparatus consisted of a set composed of a large electromagnet and an echelon spectroscope of twenty-six plates with auxiliary. The magnet was specially made for the purpose of these experiments and some others. The iron part (yoke, limbs and poles), is rectangular in form, and is about three feet long by about a foot and a quarter deep. The permeability of the cast-steel used for the yoke and limbs coincides very nearly with that given by Hopkinson for wrought iron: for H = 35 C.G.S. the value of B is 15,000 C.G.S. A large magnetising coil surrounds the yoke and extends over its whole length. The poles are provided with smaller coils about a foot in length, having respectively 1140 and 1170 turns of copper wire of No. 9 standard wire gauge. The coils can stand easily about 16 amperes, and for short periods 50 or 60 amperes. The field intensity between the poles, as tested by the usual ballistic method, is exceedingly g reat; but unfortunately we have not hitherto been able to observe the Zeeman effect in a field of much higher intensity than 10,000 C.G.S., as in all the tubes with which we have worked the light becomes so faint at the higher fields that it is not possible to obtain readings.
The Echelon.-The echelon, which is by Hilger, London, has twenty-six plates; the thickness of each is 1023 mm .; the width of step is 1 mm. The difference in wave-length between two lines under observation is given by gX -__ _ where d<^>1 is the angular displacement between the two lines A, A + d< j> o that between two successive orders of spectrum, S the thickness of one of the echelon plates, and y the refractive index of the glass for wave-length X . We have always determined the ratio by means of a micrometer eye-piece fitted to the observing telescope.
The factor, which multiplies d f a / d f e, was obtai manner. The refractive index of the glass, y, was given by the maker of the instrument for the four lines C, D, F, G. For D it is L5746. Cauchy's relation between refractive index and wave-length was assumed, namely,
and in this equation were substituted for y and A their known values for three of the principal wave-lengths, giving three simultaneous equations to determine the three constants^ A, B, C. It was verified that these values of A, B, C gave to less than a unit in the fourth place of decimals the values of y furnished by the makers for the four lines C, D, F, G. Then from Cauchy's equation were calculated the values of /x corresponding to the wave-lengths 4000, 4500, 5500 and so on up to 8000 tenth-metres.
From these values a curve was plotted which gave ft for any wave-length. In a similar manner a curve was plotted which gavefor any value of A.. Finally we calculated a sufficient number of values of the multi plying factor A2/ (ft -1 -Xdfx/dX) S, and plotted value of this factor for any wave-length. This curve is shown in fig. 1 . 400 0 4500 5000 5500 6000 6500 7000 7500 8000 8500 X in benbh-m ebres.
Arrangement of Apparatus.-The source of light was an exhausted tube, containing the vapour the spectrum of which was under examina tion, provided as usual with terminals and joined up in the secondary circuit of an induction co il; the capillary part of the tube was placed between the poles of the electromagnet.
A convergent lens was placed so as to bring the light from the tube to a focus on the collimator slit of the auxiliary spectroscope, which effected a preliminary partial resolution of the light before it fell on the slit of the collimator used directly with the echelon.
This auxiliary spectroscope was of the constant deviation kind, and had the collimator and telescope fixed at right angles to one another. The prism was a species of internal reflection prism, made up of two 30° prisms and one right-angled prism, cemented together as shown in fig. 2 . The light entered at the face a, underwent internal reflection at the hypotenusal face b, and emerged at the face c. With this arrange ment the part of the spectrum in the middle of the field of view was to be seen under a dispersion equal to that of a ray passing through a 60' prism in the position of minimum deviation. Any required part of the spectrum could be got into the middle of the field by a rotation of the prism-table. The eye-piece of the observing telescope of this auxiliary spectroscope was removed, and the collimator of the echelon was placed coaxially with that telescope, and at such a distance that the light rays, after passing through the object glass of the telescope, were brought to a focus on the collimator slit of the echelon. After emerging from the lens system of the collimator, the rays passed through the echelon grating, and were viewed by means of a telescope focussed for parallel light. This telescope was provided with a micrometer eye-piece, whose indications, as already stated, gave the ratio dfajdfa.
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By means of a suitable arrangement the prism-table of the auxiliary spectroscope could be rotated by the observer when taking readings without moving away from his position. In a similar way the width of the echelon slit could be adjusted.
Results. -The first observations were made at right angles to the magnetic field on several of the helium lines, and on the green line of mercury. The results were used to calculate the values of <iA/'HA2, and of e/m by the formula e/m = 2tv rfA/HA2, where 3 x 1010 cms. per second.
In every case the normal triplet was obtained, and the separation between the extreme components found to be proportional to H up to fields of 10,000 C.G.S., beyond which it was difficult to obtain readings for the reason already stated. The numbers obtained are stated in the following table, and in fig. 3 Magnetic* field in C.G.S. units.
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"W hen, with the green line of mercury under observation, the field strength was increased to 13,000 C.G.S., the centre component of the normal triplet was doubled, while each of the outer components was itself tripled. The polarisation of the two triplets and of the central doublet was the same as that of the lines from which they originated, namely, that of the lines of the normal triplet.
At all fields up to 13,000 the faint companion to the yellow helium line D3 was not tripled, but only doubled. For all the lines specified above, observations were made also along the lines of force, one of the magnet cores being replaced for this purpose by a core drilled from end to end with a hole about a centimetre in diameter. The, normal doublet was observed up to a field of about 10,000 C.G.S., and the separation between the two components found to be proportional to the field strength. In this case, however, it was more difficult to obtain reliable results, owing probably to the disturbance of the field produced by the hollow pole. The following The results here given for helium are the means of six, seven and five determinations respectively, those for the green line of mercury are the means of eight determinations.
The observations of Zeeman on the green line of mercury, when the field was zero, are referred to above. They followed an observa tion of Perot and Fabry,* that the line appeared to be a triplet consisting of the main line with a fainter companion on each side at about the same distance. Our observations gave three companions on the violet side, and two (we seemed at times to see three) on the red side. The values of d Xf or these are for the firs -0*096, -0*059, and for the other two +0*032, +0*067. But, as has been. stated, we have had what seem unmistakable indications that this line system is of hitherto unexpected complexity, which is only disclosed under special conditions of the discharge tube. Hence, though these values of dX do not agree in sever observed by Perot and Fabry, it is not impossible that both sets of observations are correct.
It ought here to be noticed that Runge and Paschenf have obtained a resolution of the green mercury line into three triplets. This observation is entirely confirmed as to the side triplets by ours (which were made before Messrs. Runge and Paschen's paper came to hand), but we have not been able to verify their result for the middle group, which appears to us to be a doublet. But Messrs. Runge and Paschen's instrument was a large Rowland grating of 6*5 metres diameter of circle, and the spectrum was photographed, so that their observations were, no doubt, more certain than ours.
